Introduction
The liver is a favoured site for metastases from most types of carcinoma, e.g. some 40% of patients dying from breast carcinoma have liver involvement (Willis 1952) , and indeed in many or most the deposits are thought to have been seeded by the time of presentation. Clearly the staging and management of such patients will continue to be unsatisfactory until microdeposits can be detected, and no currently available technique approaches this goal. Two wellestablished techniques which can detect focal lesions down to the size of about 2 cm are isotope and ultrasound scanning.
Isotope methods
The standard liver scan (or scintigram as obtained with a gamma camera) is a two-dimensional representation of the distribution of a colloidal material (sulphur colloid, usually tagged with technetium-99m) ( Figure 1) (Harper et al. 1965 , McAfee et al. 1965 ). The particles are taken up in the reticuloendothelial system and thus essentially the scan is a Kupffer cell map, where Figure 1 . Normal liver scintigram. Three views of a normal liver taken with a gamma camera. The radiopharmaceutical was sulphur colloid tagged with technetium-99m. On the anterior view the arrow points to the notch occupied by the gall bladder and the porta hepatis. The activity on the extreme left in the posterior view is uptake in the spleen (D 1978 The Royal Society of Medicine 0 1 41-0768/78/0071-0652/$O1.00/0 structure is revealed by a specific metabolic function. Lesions displacing or disturbing the function of the Kupffer cells produce a region of reduced uptake ( Figure 2 ). The fact that lesions appear as 'cold areas' reduces their detectability from a theoretical limit in the millimetre range (almost achieved in the case of 'hot spots' on bone scans) to a realistic 2 cm at best, and even this may worsen to 4 cm for deeply buried lesions. Figure 2 . Liver metastases. A, posterior view. The filling defect in the right lobe is due to a deposit from a carcinoma of stomach. B & C, posterior views in a patient with breast carcinoma. The appearances in B are normal, but 3 months later in c the liver contains numerous cold regions representing deposits. The Kupffer cells have failed to clear all of the colloid and the overspill has been taken up by the reticuloendothelial system of the bone marrow, so that the spine is now imaged
The other major limitation is the nonspecificity of the test; any space-occupying lesion in (e.g. cysts, dilated bile ducts) or overlying the liver will produce a 'cold area' (Figure 3 ). Notwithstanding these limitations and provided they are borne in mind when liver scans are being interpreted, they detect some 60-8O0% of lesions (over 2 cm in diameter) and have the advantage of being extremely simple to perform on a routine basis (Leyton et al. 1973 ). The necessary technology in the form of scanners or cameras, together with the technetium generators which are reactor produced and have a useful life of a week, is readily available in Europe, North America and Australasia, and worldwide availability is foreseeable.
More complex approaches to liver scanning have produced some improvement especially in the specificity of these results. Using either pertechnetate or technetium sulphur colloid and a gamma camera linked to a data storage device, a rapid series of images can be collected during the initial, vascular transit of the isotope through the liver (De Nardo et al. 1974 ). This Figure 3 . Causes of cold areas in the liver scintigram. A, the dilated intrahepatic biliary tree in this patient with obstructive jaundice due to a lesion in the common duct produced a cold region at the porta hepatis e this patient had a cardiac pacemaker embedded low in the right axilla. The metal absorbs the 140 keV gamma rays from the technetium-99m and simulates an hepatic lesion. c, following radiotherapy to the paraaortic region in this patient with Hodgkin's disease, the rectilinear defect appeared in the left side of the liver scan. This is-,due to radiation induced Kupffer cell dysfunction.
'dynamic scan' gives information ofthe degree ofvascularization of a lesion so that cysts can be distinguished from tumours or abscesses. Vascular malformations, which produce very high count rates in the early phases, can be distinguished from both groups. Alternative scanning agents are occasionally helpful (e.g. the use of 13"I in those thyroid tumours that are metabolically active) and one that has been of particular interest in the past decade is gallium-67 (Patterson & McCready 1975) . This ion, initially thought to be a specific tumourseeking agent, has turned out to be taken up strongly only by some tumours (especially lymphomas, seminomas and some bronchial carcinomas) and then rather irregularly, and also to concentrate in inflammatory lesions. Indeed, it is a useful agent for the detection of occult abdominal sepsis including hepatic abscesses, and it seems to collect nonspecifically in necrotic tissue of many types. However, provided the scans are interpreted within the clinical context, gallium scanning of the liver can be a helpful adjunct. Ultrasound scanning Unlike isotope scanning, ultrasound scanning displays structure, specifically soft tissue structure and, in particular, the distribution of fluid spaces and the connective tissue framework of the organs (Wells 1977) . As currently practised, it is a labour-intensive investigation. A typical liver scan consists of about 20 tomographic views, each obtained by a sweep of the transducer in contact with the skin of the upper abdomen. Each scan takes a few seconds to make and the whole process is interactive, in the sense that clinical considerations and the ongoing findings determine the intensity and extent of the remainder of the examination. Thus a high degree of operator skill and involvement is a prerequisite, and this makes the device relatively unsuitable as a routine screening method.
An additional problem is that the ultrasound beam is obstructed by gas, e.g. in the transverse colon which may overlie the lower portion of the liver. It is also disturbed by fat and fibromuscular tissue, so that for the liver adequate scans cannot be obtained in some 10% of patients, and this fail rate is higher for very ill or postoperative patients.
Under good conditions (including machine, operator and patient) some 90% of the liver volume can be examined with a resolution of around 3 mm (Figure 4 ). Unfortunately, as with Figure 4 . Ultrasound of normal liver. Longitudinal section in right midclavicular line. Patient is supine with head to the left of the picture Note the diaphragm (D), gall bladder (GB) right kidney (K) and psoas muscle (P). The curved white band is the position of the anterior abdominal skin line (S) and the black band on the right of the picture is an acoustic 'shadow' cast by gas in the transverse colon (C). The small dark areas in the liver substance are cross sections of blood vessels. The marker bars are 1 cm apart throughout colloid isotope scans, most malignant lesions, especially when small, appear as regions of reduced echoes ( Figure 5 ). This means that the realistic limit for detection of lesions is nearer to I cm and it may be twice this when scanning conditions are unfavourable. Thus the detectability of lesions is only slightly better than for isotope scans. However, details in the internal structure of the lesions enable one to distinguish between malignancy (though not between hepatoma and metastases) and other causes of scintigraphic cold regions, such as abscesses, cysts and vascular malformations ( Figure 6) , and to identify the normal variations that may lead to confusing isotope scan appearances. In some cases it may be possible to indicate the general tissue of origin of deposits, for it has been noted that about one-third of Figure 5 . Malignant deposits in the liver. Left, three large foci of lymphomatous involvement arrowed. Right, multiple small metastases from a cutaneous melanoma Figure 6 . Hepatic cyst. The absence of internal echoes together with the smooth wall and increased throughtransmission of sound (giving the bright flare B) are characteristics of a benign cystic lesion gastrointestinal and urogenital metastases are brightly reflecting (Figure 7) , whereas the other carcinomas and all sarcomas and lymphomas are almost always poorly reflecting (Bloomberg, Cosgrove & McCready 1978, in preparation). Figure 7 . Reflective liver metastasis. There is a large highly reflective deposit in the superior part of the right lobe of the liver in this patient with a carcinoma of colon. There are also smaller focal abnormalities in the remainder of the liver
Results
The results of 77 cases of known malignant disease who were scanned by both methods for staging are shown in Table 1 . Follow up was by histology at biopsy, laparotomy or post mortem within a month of the examination. In the group listed as 'clinical follow up', a period of at least six months without suspicion (clinical, biochemical or scan) of liver malignancy was required for the negative cases, and for the positives, obvious clinical deterioration with increasing hepatomegaly was accepted.
The assessment of the results of diagnostic imaging procedures is always difficult. The classification adopted here is clinically orientated and indicates the usefulness of the two tests in patient management. 'Contributory' findings were those helpful in establishing the final diagnosis and staging, and include both positive and negative results. In the 'non-contributory' group were those where the findings were equivocal or where abnormalities that proved to be irrelevant were found. In the 'misleading' group, both positive and negative false results were included. Patients where ultrasound scans were unsuccessful have been excluded. The error rate was almost identical in the two groups; closer examination of these shows that most of the isotope scan errors were false positives, whereas missed lesions accounted for most of the ultrasound errors. The greatest difference between the two techniques lay in the noncontributory group, where the equivocal findings on over a quarter of the isotope scans reduces the usefulness of the simple technique. Ultrasound scans were clinically contributory in 87% and isotope scans in 61% of cases. Thus from a practical clinical standpoint the two examinations can be seen to be complementary, with the isotope scans being suitable as a routine screening procedure and the ultrasound offering increased specificity and fewer equivocal results at the expense of operator time. It is our normal practice to use the two techniques as complementary in this fashion.
Newer developments Improvements in isotope scanning seem likely to exploit the ability of this approach to show functional differences between normal and abnormal tissues. The development of radiopharmaceuticals that concentrate in lesions would increase sensitivity and improve specificity, and it is possible that the use of two pharmaceuticals simultaneously might permit the detection of microscopic metastases in cases with a large tumour volume but no large focal lesion.
Ultrasound technology is still in its infancy and new developments are marketed at a confusing rate. The introduction of devices which scan electronically and automatically (socalled 'real time' scanners, although the movement displayed is of relatively small help) has eased and speeded investigation. Devices using the Doppler effect to provide tomograms of blood flow will very likely improve tumour detection in the liver as elsewhere. Other advances under investigation seek to make use of some of the very complex interactions that ultrasound undergoes with tissue (such as attenuation, velocity and phase changes), and some of these will probably prove valuable.
